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Eleventh International Specialty Conference on Cold-Formed Steel Structures 
St. Louis, Missouri, U.S.A., October 20-21, 1992 
THE BUCKLING BEHAVIOUR OF HOLLOW FLANGE BEAMS 
By: T. J. Heldt' and M. Mahendran2 
SUMMARY 
A new cold formed structural section known as the hollow flange beam is currently under 
development in Australia. This section will have many applications, particularly in portal frame 
buildings. This paper discusses the lateral distortional buckling behaviour of the hollow flange 
beam. 
1. INTRODUCTION 
Palmer Tube Mills Ltd.(PTM), an Australian manufacturer, is currently developing a new cold-
formed and resistance welded section for sl:fUcturai applications, called the hollow flange beam 
(HFB). Details of the proposed sections which consist of 200, 250 and 300 HFB series are given 
in Figure 1. The section can be considered to combine the efficiency of cold-formed sections 
with the stability of hot rolled sections. Previous studies (PTM, 1990;1991) revealed that this 
section has only minor susceptibility to local buckling in flexure, and that lateral distortional 
buckling is of primary concern to designers. Recent research (e.g. Hancock, 1991; Pekoz & 
1 Designation Mass D B t jkgfm) (mm) (mm) (mm) 300HFB38 18.5 300 90 3.8 300HFB33 16.2 300 90 3.3 
D 300HFB28 13.8 300 90 2.8 
250HFB28 12.7 250 90 2.8 
250HFB23 10.5 250 90 2.3 
200HFB23 9.59 200 90 2.3 
200HFB18 7.54 200 90 1.8 
3~ 1 
Figure 1. Proposed HFB sections (from Dempsey, 1991) 
1. Postgraduate student, Queensland University of Technology, Australia 
2. Senior Lecturer, Queensland University of Technonlgy, Australia 
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Soroushin, 1982) has shown that it is necessary to consider member buckling response as part of 
an overall system if member efficiency is to be maximised. Therefore it was decided to 
investigate the lateral distortional buckling behaviour of the HFB with relevant structural 
restraints and loading conditions. 
In this paper, a brief description is given of the lateral distortional buckling analysis technique 
used. Analytical and experimental validation of the computer program using this technique is 
then presented, followed by selected results for the proposed HFB sections. The implications of 
these results are discussed with respect to practical structural systems. ' 
2. THEORETICAL BUCKLING ANALYSIS 
D 
d 
Figure 2. Lateral Distortional 
Buckling Geometry of HFB 
In this project, Hancock et al.'s approach 
(1980) was used in developing the lateral 
distortional buckling program HBUCK. The 
essence of this approach was to represent 
the web as a plate element and each flange 
as a line element. Displacement functions 
were then assumed which describe the 
buckling deformation (Figure 2) of the 
member. Strain energy and work 
expressions were developed for each 
element by the solution of the governing 
differential equations (Timoshenko and 
Gere, 1961). By equating the strain energy 
and work expressions, an eigenvalue 
problem was developed. Once the 
eigenvalues have been determined, the 
smallest positive value was selected as the 
buckling load factor. Details of the method 
of analysis used to develop HBUCK are 
given in Heldt and Mahendran (1992). 
It became evident during the investigation that the effect of the following loading and structural 
parameters should be included in the analysis: 
(a) continuous lateral restraint to the critical flange; 
(b) continuous lateral restraint to the non-critical flange; 
(c) lateral and torsional fixity of the flange ends; 
(d) bending moment distribution; 
(e) load height effect. 
Only uniformly distributed load analyses are discussed in this paper since these were found to be 
representative of HFB response, and are commonly encountered in real systems. Figure 3 shows 
the four major connection fixity/internal restraint combinations of interest. The bold lines 
indicate lateral fixity, while the arrows indicate the presence of uniformly distributed load but 
not the position or direction of load application. Load application on the flange surface above 
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and below the shear centre, and at the shear centre were considered. "Above" refers to load 
application on the critical flange side of the shear centre, while "below" refers to loading on the 
same side as the non-critical flange. 
CASE 1. Flange ends free, no 
intermediate lateral restraint. 
CASE 3.Flange ends free, 
one flange laterally restrained. 
CASE 2. Flange ends fixed, no 
intermediate lateral restraint. 
CASE 4.Flange ends fixed, 
one flange laterally restrained. 
Figure 3. Various restraint conditions 
3. V ALIDA TlON OF BUCKLING PROGRAM 
PTM (1990) has already produced graphs of buckling stress versus length for HFB sections in 
the case of uniform moment and undistorted end sections using a finite strip program (BFINST6, 
University of Sydney). Selected critical stress values from this analysis were converted to 
buckling moment values and compared with the output from HBUCK (Figure 4). Good 
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Figure 4. Comparison of HBUCK results with PTM(1990) results 
(uniform bending moment and undistorted end sections) 
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Figure 5. Experimental Set-up 
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A limited number of buckling experiments on 300HFB38 beams with Case I and 2 restraint 
conditions (see Figure 3) were carried out to verify HBUCK buckling predictions. In these 
experiments, third point loading was used as shown in Figure 5. Load was applied by double ball 
jointed hydraulic rams, so that the test beam was not laterally restrained by the rams. Strains and 
deflections of both top and bottom flanges at midspan were recorded for all experiments. The 
buckling load was then deduced from load versus lateral deflection plots. Figure 6 compares 
selected experimental results for lengths of 4 and 8 meters with HBUCK's results for Cases I 
and 2. The theoretical curves assume a third point load at 200 mm above the shear centre, which 
is representative of the actual loading. Reasonable agreement is observed between experimental 
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Figure 6. Comparison of HBUCK results with experimental results for 300HFB38 
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Figure 7. Comparison ofHBUCK results with experimental results for 300HFB38, Case 3 
(third point loading at 200 mm above shear centre, restrained non-critical flange) 
HBUCK was used to study the effect of the intermediate lateral restraint provided to the non-
critical flange by the sheeting/cladding (Cases 3 and 4 as shown in Figure 3) on the buckling 
performance of the HFB, and the results are shown later in Figure 8. The change of shape of the 
buckling curve with the inclusion of cladding is somewhat unusual, therefore a finite strip 
program (Mahendran and Murray, 1986) was used to verify that for the case of uniform moment 
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and restrained non-critical flange. The curve resulting from the finite strip analysis was of the 
same form and magnitude as that produced by HBUCK, thus validating the HBUCK results. 
Subsequently, an experiment was also carried out with Case 3 restraint applied to the non-critical 
flange, but with third point loading instead of the unifonnly distributed load. This experimental 
result agrees reasonably well with HBUCK predictions (Figure 7). The lateral restraint provided 
in the experiment was reasonably flexible, which may account for the slightly premature failure. 
HBUCK has been shown to produce results which are in good agreement with those from 
experiments, previous theoretical work, and other finite strip analyses. Although it is a simple 
technique, its results appear to exhibit sufficient accuracy for a detailed study of lateral 
distortional buckling behaviour of the HFB. 
4. BUCKLING RESULTS 
Buckling analysis was first carried out for each of the proposed HFB sections with the four 
restraint cases illustrated in Figure 3. Results of this analysis are given in Figure 8 for the 
200HFB18, 250HFB23 and the 300HFB28 (the restrained critical flange case has been omitted). 
Also plotted on the figure are the yield moment and twice yield moment curves. Figure 8 
assumes loading at the shear centre, but such conditions are not common in real structures, so 
Figure 9 examines the buckling behaviour of a 300HFB28 (which may be considered typical of 
HFB sections) when a uniformly distributed load is applied on the flanges of a simply supported 
beam. The influence of the various factors outlined in Section 2 was then re-examined for a 
propped cantilever beam. Results of this are shown in Figures 11 and 12. 
4.1 SIMPLY SUPPORTED BEAM 
The cold-formed steel structures code, AS1538 (SAA, 1988) allows the full section capacity to 
be utilised if the critical buckling stress for a member in bending is greater than twice the 
nominal yield stress. As seen in Figure 8, this occurs in the case of both the 200HFB and 
250HFB sections (cases 3 and 4), provided the non-critical flange is laterally restrained. This is 
the restraint condition anticipated for HFB sections when used as purlins under wind uplift. 
Recent research on the effect of cladding restraint on Z and C section purlin capacity 
(Hancock,1991; Pekoz & Soroushian,1982) has focussed on the torsional restraint provided by 
the roof cladding. Implicit in much of this work is the assumption that the diaphragm stiffness of 
the cladding is adequate to provide lateral restraint to the purlins. Experimental results tend to 
support this. The torsional flexibility of Z and C sections combined with asymmetric loading 
produces excessive lateral and torsional displacements under loading, in spite of the lateral 
restraint provided by cladding to the non-critical flange of such purlin systems. 
In contrast, the relatively high torsional rigidity of the HFB section, combined with the 
dominance of lateral displacements in the buckling mode and the symmetric stress distribution 
caused by typical loads, mean that lateral restraint provided by cladding to the non-critical flange 
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Figure 8. Theoretical Buckling Results for simple span HFB's 
(uniformly distributed load applied at the shear centre) 




In Figure 8, the critical buckling stress of thy 300HFB section is less than twice yield for 
common spans. In order to utilise the full section capacity, bracing similar to that required for 
open sections would be necessary. Alternatively, with no bracing, at least 85% of nominal 
section capacity can be utilised (Clause 3.3.2 AS1538; SAA,1988) for typical spans. For some 
systems it may be more practical to accept this loss of capacity rather than to resort to bracing. 
Alternatively, a slightly wider flange should add sufficient stability to the section to avoid the 
problem. The buckling curves for simply supported HFB sections with a restrained critical 
flange have been omitted from Figure 8, since they are very much above the other curves, and 
their inclusion would not allow detailed examination of the other cases presented. However, this 
case must be examined in detail for the propped cantilever beam. 
The effect of flange end restraint has a significant influence on lateral buckling performance 
when no intermediate lateral restraints are applied, but flange fixity is much more significant 
when combined with intermediate lateral restraint to the non-critical flange (Figure 8). It appears 
that this results from a more complete mobilisation of the section's torsional rigidity when flange 
ends are fixed. For HFB systems, fixed flanges would generally require a welding operation, 
which may not always be economically feasible. The absence of welded flange ends means that 
flange ends will be unrestrained. This is detrimental to the beam buckling capacity. As noted 
above, however, the effect of lateral restraint to the beam is relatively strong and may outweigh 
the loss of flange end fixity caused by the need to avoid welded flange ends in many practical 
systems. 
As previously noted, the load height effect can have a significant effect on buckling 
performance. Figure 9 shows this effect for a simply supported 300HFB28 with a uniformly 
distributed load applied at top and bottom flange levels, and also at the shear centre. The figures 
have been non-dimensionalised so that generalisations may be more readily made. The ratio of 
buckling to yield moment (MbfMy) is plotted against normalised span (where L is the actual 
span, and the other symbols are as defined in Figure 2. Cases 1 to 4 in Figures 9 are as defined in 
Figure 3, while "A" and "B" denote load application on the flange above and below the shear 
centre and SC at the shear centre, respectively (above refers to load application on the critical 
flange side of the shear centre, while below refers to loading on the same side as the non-critical 
flange). Regardless of load position, critical flange restraint increases the buckling capacity well 
beyond yield (results for this case are not shown in Figure 9). 
As seen in Figure 9b, restraint of the flange ends improves the buckling capacity of HFB 
sections for all load height and restraint cases. However, the effect of restraining the non-critical 
flange is highly dependent on the point of load application. For loads applied "below" the shear 
centre (eg. purlins and girts subject to wind suction), buckling capacity is very high so designs 
will be controlled by other factors. If the beam is loaded below the shear centre, or at the shear 
centre with fixed flange ends, full section capacity is available. Even for other cases with 
restraint to the non-critical flange (where full section capacity is not available), the buckling 
moment tends to asymptote towards a fixed value. Considering the familiar effective length 
concept normally associated with buckling, the implication is that effective length is not a linear 
function of span, but has an upper limit for many practical structural geometries. 
The effect of lateral restraint to the non-critical flange can be more clearly seen in Figure 10, 
where the ratio of buckling moments for intermediate non-critical flange restraint to no restraint 
(Mb-case4lMb-case2) is plotted for both the 200HFB18 and 300HFB28. Clearly, load 
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application below the shear centre is very beneficial for simply supported beams. The benefit 
obtained by non-critical flange restraint when load is applied above the shear centre is minimal, 
however this will be an uncommon case in practice. This behaviour can be considered quite 























(b) lateral restraint to non-critical flange 
Figure 9. Load height effect for 300HFB28, 
(simply supported beam with a uniformly distributed load) 
12 
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When flange ends are not fixed and the section is loaded at the shear centre, or for loading above 
the shear centre, some capacity reduction is required according to AS1538 (SAA-1988) 
provisions (Figure 9). However, this reduction may be more acceptable than the use of bracing 
which would be required to utilise full section capacity. It is noted that such bracing would have 
to reduce the effective length to about 2 meters for the 300HFB series (Figure 8). 
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It is interesting to note in Figure 9 that the buckling curves for unrestrained flange ends loaded at 
the shear centre and restrained flange ends loaded above the shear centre asymptote towards each 
other. This may be due to the fact that the effect of flange end restraint on overall performance 
decreases for longer lengths. Unrestrained flange ends is a boundary effect, so it can be 
anticipated that the influence of this feature on overall performance will diminish for longer 
lengths (the relative influence of section geometry increases). It has been shown (PTM, 1990) 
that buckling displacements become predominantly lateral as beam length increases (for 
unrestrained HFB sections). Given that torsional displacements are predominantly responsible 
for the load height effect, it is not surprising that the influence of this effect reduces as length 
increases, provided some torsional stability is available (in this case from the ends). The analysis 
used here only predicts the elastic critical load. The post-buckling response of members with a 
restrained non-critical flange will have to be examined in detail. 
1000 
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Figure 10. Effect of continuous lateral restraint to the non-critical flange on HFB buckling 
performance 
(simply supported beam with a uniformly distributed load) 
4.2 PROPPED CANTILEVER BEAM 
In order to gain some understanding of the effect of moment reversal on buckling performance, a 
propped cantilever beam was analysed, and the results are shown in Figures 11 and 12. As 
anticipated, Figures 4 and 6 reveals that the bending moment distribution has a significant 
impact on the buckling behaviour of the HFB sections. From Figure 4, the buckling moment for 
a 300HFB38 with uniform moment and restrained end sections (Case 2) is approximately 60 
kNm for a 4 meter span. For the same section with third point loading and end sections 
restrained, Figure 6 predicts a buckling moment over 100 kNm (in spite of the load being 
applied above the shear centre in this case). This concept is well established, for example, Table 
5.6.1 in AS 4100 -1990. The moment distribution also has a significant effect when combined 
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(c) critical flange laterally restrained 
Figure 11. Load height effect for 300HFB28 





with a restrained critical flange (300HFB28 spaning about 6 m, load applied above the shear 
centre, flange ends restrained) with the simply supported moment diagram, to a value of 
approximately 2 for the propped cantilever case (Figure 11) with the same restraint conditions. 
Comparing Figures 9a and 11a, two points should be made. Firstly, as expected, the buckling 
performance of the propped cantilever is significantly more stable than that of the simply 
supported beam. Secondly, the influence of the load height effect on buckling performance is 
quite significant. If load is not applied above the shear centre, then the member will not buckle 
throughout the practical span range as seen in Figure Iia. 
In the case of propped cantilever beams, restraint of the "critical" flange (the flange which is in 
compression for the majority of the span) produces an effect quite different to the simply 
supported beam (Figure 11). When the point ofload application is at or "below" the shear centre, 
the buckling capacity is much greater than yield (similar to the simply supported case). When the 
load is applied on the flange above the shear centre, however, the buckling capacity is much 
closer to the yield capacity. If flange ends are restrained then the buckling capacity is sufficiently 
high to allow the full section capacity to be utilised. When flange ends are not restrained, some 
capacity reduction will be required. Figure 11 reveals that the buckling capacity of a 300HFB28 
is below twice yield when the load is applied above the shear centre. It is therefore clear that 
lateral restraint of the critical flange is insufficient to prevent buckling when load is applied 
above the shear centre. 
Considering a restrained "non-critical" flange (Figure 11b), the magnitude of buckling capacity 
is very similar to the case of a restrained "critical" flange (Figure 11c) for each load application 
point. This is quite different to that for a simply supported beam, and therefore requires further 
detailed investigation. 
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Figure 12. Effect of continuous lateral restraint to the non-critical flange on HFB buckling 
performance 
. (propped cantilever with a uniformly distributed load) 
143 
Figure 12 indicates that the comments made regarding Figure 10 are not limited to the case of a 
simply supported beam, but can be extended to the propped cantilever case and could be general 
for other cases too. That is, load applied below the shear centre combined with lateral restraint is 
very beneficial, while loading above the shear centre largely negates the potential benefit of 
lateral restraints. 
5. CONCLUSIONS 
The following conclusions can be made from this investigation. 
1. The simple lateral distortional buckling analysis technique used in this investigation 
correlates well with previous finite strip analyses and with the experimental results. 
2. The buckling behaviour of HFB sections has been shown to be very dependant on all of 
the following factors: 
a. lateral restraint to flanges; 
b. flange end fixity; 
c. bending moment distribution; 
d. load height effect 
There is significant interaction between these factors. Results presented in this paper 
indicate the trends of lateral distortional buckling behaviour of HFB sections. 
3. The benefits to be gained by considering connection and member fixities when designing 
with HFB sections appear to be more significant than when designing using conventional 
open sections. The section is torsionally quite rigid, but this capacity is not fully utilised if 
flange ends are not fixed. 
4. Load application below the shear centre improves the HFB buckling performance 
significantly. When load is applied above the shear centre, less benefit is gained by 
considering intermediate lateral restraints. 
5. Significant moment reversal as in propped cantilever is beneficial to member buckling 
performance. 
6. Attempts to increase member buckling performance by lateral bracing of the flange may 
be ineffective when load is applied above the shear centre on a member with significant 
moment reversal. 
7. The bracing requirements of some practical HFB systems will be less than those required 
for systems composed of conventional sections. 
8. Lateral and torsional fixity of the flange ends is always beneficial, but it interacts with 
other factors, and thus capacity improvements are not necessarily linear. 
9. The provision of lateral restraint to the non-critical flange can significantly improve the 
buckling performance for many HFB structural systems, depending on the interaction with 
other factors. 
10. Development of new building systems using HFB sections is continuing based on the 
buckling results obtained in this investigation. 
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